Abstract: We show for the first time a fully coherent frequency comb generated in a SiN photonic chip which spans 2/3 of an octave using solitons and soliton induced Cherenkov radiation. Additionally we stabilize the spectrum.
Microresonator optical frequency combs have become an actively researched alternative way to generate optical frequency combs. Their key properties are large mode spacings and the potential for photonic integration which is important for applications in different areas ranging from metrology to low-noise RF generation and applications in telecommunication. Discovered in 2007 [1] , one main goal has been to achieve a frequency comb that is coherent and spans a spectrum wide enough to be self-referenced. Many important steps in this direction have been achieved such as octave spanning but incoherent spectra [2, 3] and fully phase-stabilized states [4, 5] . First applications have been realized as well [6, 7] . However, the goal of a fully coherent yet wide enough spectrum for self-referencing has not been achieved. Here we report on a frequency comb generated in a silicon nitride (SiN) microresonator that has a repetition rate of 190 GHz and spans 2/3 of an octave, sufficient for self-referencing without additional broadening [8] . This wide, coherent spectrum is achieved by using the mechanism of dissipative soliton generation inside the microresonator [9] . The solitons represent pulses of just 30 fs length, the resulting spectrum is shown in Fig.1(a) . Additional broadening of the spectrum is due to a pheonomenon known as dispersive wave or soliton induced Cherenkov radiation which is responsible for the distinct peak around 155 THz in the spectrum show in Fig.1(a) . With this feature the frequency comb spans 2/3 of an octave from 150 THz to 225 THz and is fully coherent as show in Fig.1(b) to (d) by measuring the repetition rate beat note and the beat notes of comb lines with two narrow linewidth fiber lasers. This spectral width can be used for self-referencing based on a 2f -3f scheme.
Beside the demonstration of the coherence of the generated spectrum we fully phase stabilize the spectrum using a self-referenced commercial fiber frequency comb. To do so the diode laser used as a pump is phase-locked onto the fiber frequency comb and the repetition rate of 190 GHz is downmixed and locked onto a reference RF source using the pump power as an actuator. Using two counters simultaneously we record the Allan deviation with gate times up to 10 s for both locks as shown in Fig.2(a) . The in-loop repetition rate beat note is shown in Fig.2(b) . In Fig.2(c) we show that the deviations of the locked frequency are very well centered around the locked frequency. In conclusion we demonstrate the first fully integrated, fully phase locked frequency comb source. Based on dissipative solitons, it gives a pulsed output and generates a spectrum of 2/3 of an octave. This is a major advance for the field of microresonator frequency combs and frequency combs in general as it shows that a direct generation of such a wide, coherent spectrum is indeed possible and that this spectrum can be used for metrological applications that require full stabilization. Our results underscore the utility and effectiveness of planar microresonator frequency comb technology, that offers the potential to make frequency metrology accessible beyond specialized laboratories.
